The susceptibility of Neisseria gonorrhoeae to several medium-chain fatty acids and their 1-monoglycerides was tested at a short inactivation time of 1 min. The results indicate that monocaprin, a monoglyceride of capric acid (10 carbon atoms, no double bonds), causes the fastest and most effective killing of all strains of N. gonorrhoeae tested.
confirmed by standard sugar fermentation (11) and by staining with fluorescent monoclonal antibodies (Difco Laboratories, Detroit, Mich.). Cultures were prepared from frozen bacterial stock. For each experiment, the bacteria were streaked on a chocolate agar medium plate and were incubated at 37°C in an atmosphere of 5% CO 2 for 24 h. The bacterial suspensions used in experiments were prepared by removing the colonies from the culture plate with a loop and suspending them in Trypticase soy broth by vortexing for a couple of minutes. If needed, broth was added to bring the suspension to a standard density of 10 8 to 10 9 CFU per ml. Assay of antibacterial activity was performed by diluting stock solutions of fatty acids or monoglycerides in Trypticase soy broth to the desired concentration by vortexing at the highest speed at 37°C. The solutions showed a little turbidity which varied between lipids but was less for lipids with short or unsaturated fatty acid chains. The solutions were immediately tested against N. gonorrhoeae by thoroughly mixing 200 l of a lipid solution and 200 l of the N. gonorrhoeae inoculum adjusted to a density of 10 8 to 10 9 CFU per ml in a plastic tube. Bacteria mixed with broth alone and with 2% ethanol in broth were used as controls. The mixtures were incubated for 1 min at room temperature. Strain III was further tested after an incubation time of 10 min at 37°C. Samples were removed and diluted 10-fold in sterile physiological saline, and the number of viable bacteria was determined by streaking 10 l of a 10 Ϫ2 to 10 Ϫ6 dilution and 100 l of a 10 Ϫ1 dilution on chocolate agar plates with a pipette tip. Each streaking was done in duplicate. Bacterial colonies were counted after incubation for 24 to 48 h at 37°C in a CO 2 incubator. The titers (log 10 CFU) of lipid-bacterium mixtures were subtracted from the titer of the control mixture, and the difference was used as a measure of the antibacterial activity of the lipids.
A comparison of the bactericidal activities of six fatty acids is presented in Fig. 1 . The bars represent the reduction in infectivity titers (log 10 CFU) of the five strains of N. gonorrhoeae after incubation with 2.5 mM (361 to 706 g/ml) fatty acid for 1 min at room temperature. Caprylic acid (eight carbon atoms, no double bonds [8:0] ) and oleic acid (18:1) caused only minor inactivations of the bacteria with reductions in titer ranging from zero to 0.5 log 10 CFU. Myristic acid (14:0) and capric acid (10:0) showed higher activities, with reductions in infectivity titer ranging from 0.4 to 6.0 log 10 CFU, varying between the strains. In contrast, lauric acid (12:0) reduced the titer by greater than 6.0 log 10 CFU, and the unsaturated palmitoleic acid (16:1) reduced the titer by about 6 log 10 CFU for strains I, II, and V, and 4.9 and 4.4 log 10 CFU for strains III and IV, respectively. After incubation for 10 min (only done for strain III), the activities of capric acid (5.7 log 10 CFU), myristic acid (Ն6.6 log 10 CFU), and oleic acid (4.0 log 10 CFU), increased. Caprylic acid continued to have no effect after 10 min of incubation.
To further compare the activities of lauric acid and palmitoleic acid, these fatty acids were tested at lower concentrations for an incubation time of 1 min. Table 1 shows that lauric acid lost almost all of its activity when diluted to a concentration of 0.31 mM but still showed a significant activity against strains I, II, and IV at a 0.63 mM concentration and against all the strains at a concentration of 1.25 mM. The activity of palmitoleic acid showed a different pattern than lauric acid. At higher concentrations (2.5 and 1.25 mM), lauric acid was more active, while palmitoleic acid was more active at the lower concentration of 0.31 mM. This difference between lauric acid and palmitoleic acid became more pronounced after 10 min of incubation with strain III. Palmitoleic acid caused reductions in titer of greater than 6 log 10 CFU at concentrations of 0.31 mM and higher, and even at 0.16 mM the infectivity titer was reduced by 4.7 log 10 CFU. In contrast, after 10 min, lauric acid caused only a 4.6 log 10 CFU reduction in titer at 0.63 mM and showed no activity at lower concentrations.
The antibacterial activities of six 1-monoglycerides are presented in Fig. 1 . They were tested in the same way as the corresponding fatty acids, at concentrations of 2.5 mM (546 to 891 g/ml). Monocaprylin (8:0), monomyristin (14:0), monopalmitolein (16:1), and monoolein (18:1) had only small effects, causing reductions in titer of up to 0.6 log 10 CFU after 1 min of incubation. Monocaprin (10:0), on the other hand, caused reductions in titer of greater than 6.0 log 10 CFU in all strains, whereas monolaurin (12:0) had high activities against strains I, II, and V but much less (2.1 and 3.6 log 10 CFU) against strain III.
As was done for the fatty acids showing the highest activities, the two most active 1-monoglycerides were further analyzed. Table 1 shows that monocaprin was still very active at 0.63 mM, causing reductions in titer of 6.0 log 10 CFU or greater in all strains but strain IV (4.4 log 10 CFU). However, at 0.31 mM, the activity was almost lost. Of all the lipids tested, monolaurin showed the highest activity at the concentration of 0.31 mM, namely 3.1, 3.2, and 4.3 log 10 CFU for strains I, II, and V, respectively. In contrast, monolaurin had very little activity against strains III and IV, with reductions of only 2.1 and 3.6 log 10 CFU at 2.5 mM and 1.3 and 2.8 log 10 CFU at 1.25 mM, respectively. This demonstrates a variability between the dif- ferent strains of N. gonorrhoea, with the ATCC strain (strain III) being the least susceptible. After 10 min of incubation of strain III with the various lipids (data not shown), monomyristin and monopalmitolein became slightly more effective, whereas no increase in efficacy was seen for monocaprin. With monolaurin, the activity of concentrations of 0.625 mM and higher was greatly increased (4.9 log 10 CFU).
In this study, we have shown that N. gonorrhoeae, a gramnegative coccus and a STD pathogen, is effectively killed by exposure for 1 min to 2.5 mM lauric acid (12:0), palmitoleic acid (16:1), or monocaprin (10:0), and is therefore exceptionally susceptible to these lipids when compared to other microbes. Furthermore, when the activity profile of N. gonorrhoeae is compared to these microbes (2, 3), only two of the lipids tested, namely monocaprin and lauric acid, are highly effective against all of the bacteria. Only two of the lipids, i.e., capric acid and monolaurin, showed significant variability in activity against all five different strains of N. gonorrhoeae.
Our hypothesis is that the lipids kill the bacteria by disruption of their cell membrane(s). This has been shown for other organisms, both viral (14) and bacterial (2), by electron microscopy. Because of the lipid action on biological membranes, we deem the emergence of resistant strains very unlikely. A similar disruption of cell membranes could be seen when cell cultures were exposed to high concentrations of lipids and analyzed by electron microscopy (14) . Although toxic in cell cultures, monocaprin at a concentration of 5 mg per ml (20 mM) has been shown to not cause irritation of the vaginal mucosa of mice and rabbits (15) .
The rapid in vitro killing of bacteria and viruses by lipids is an essential prerequisite for the possible use of lipids in the prevention of STDs. Also, due to the high in vitro efficacy of monocaprin against a number of different microbes, this lipid may be useful as a microbicidal agent against some human pathogens, both as a treatment and as a chemical barrier. 
